One strain each of Xanthomonas campestris and 'Xanthomonas phaseoli', three strains of 'Xanthomonas oryzae', and five strains each of Escherichia coli and Klebsiella pneumoniae were found to produce a mixture of ( 1+2)-~-~-gluco-oligosaccharides and/or low-M, (1+2)-p-Dglucans in their culture media. The saccharides from the strains of Xanthomonas were all composed of unbranched, linear (1+2)-~-~-glucosaccharides with degrees of polymerization (DPs) of 8 to about 20, and a cyclic (1+2)-P-~-glucan (DP16) containing one (1+6)-linkage and one or-linkage. The saccharides produced by the five strains of E. coli and four strains of K . pneumoniae were glucans with branches at 0-6, and DPs of 10 to 15, whereas one strain of K . pneumoniae produced unbranched linear (1-+2)-~-~-glucosaccharides with DPs of 6 to about 20.
Thirty-three strains of Gram-negative bacteria (three of Flavobacterium, four of Cytophugu, 1 1 of Xanthomonas, nine of Escherichia coli and six of Klebsiella pneumoniae) were examined for production of extracellular poly-and oligosaccharides. None of the strains produced appreciable amounts of low-M, acidic fraction (acidic oligosaccharides) or high-M, neutral polysaccharide. Six strains of Xanthomonas produced acidic polysaccharides, whereas five strains of Xanthomonas, five strains of E. coli and five strains of K . pneumoniae produced a low-M, neutral fraction. The low-M, neutral fraction was not detected in media of strains of 'Xanthomonas citri', Flavobucterium and Cytophaga. The amounts of the low-M, neutral fraction and acidic polysaccharide produced are shown in Table 1 . The acidic polysaccharide was not studied further.
Samples of the low-M, neutral fractions from the media of each of the 15 strains were methylated, hydrolysed and analysed by GLC. The main methylated sugar detected in all the samples was 3,4,6-tri-0-methyl-~-glucose (Table 2 ). This indicates that the fractions were composed mainly of (1 +2)-linked D-glucans or D-gluco-oligosaccharides. The samples from Xanthomonas also contained 3-5 % of 2,3,4,6-tetra-0-methyl-~-glucose derived from nonreducing terminal D-glucosyl residues and 2,3,4-tri-0-methyl-~-glucose derived from (14)-linked D-glucosyl residues, but no di-or mono-methyl sugar derived from branching sugar residues; the samples from E. coli and K . pneumoniae contained few if any (1+6)-linked Dglucosyl residues and more branch points and terminal D-glucosyl residues. The low-M, neutral fraction from E. coli K 1 2 had a particularly highly branched structure. Of the low-M, neutral fractions from strains of E. coli and K . pneumoniae only that from K. pneumoniae IF0 3321 had no branch points.
Characterization of the low-M, neutral fractions from Xanthomonas strains
The specific optical rotation [a] ho values (c 0.5, water) of the low-M, neutral fractions were X .
campestris IF0 13551, -3.5"; 'X.phaseoli' IF0 13553, +43"; 'X. oryzae' IF0 3312, 0"; ' X .
oryzae' IF0 3510, +8.0"; and 'x. oryzae' IF0 3833, 0". These low values suggested a predominance of fl-glycosidic linkages.
When the low-M, neutral fractions were subjected to HPLC on an NH2-bonded silica column, the elution profiles of the five samples were similar (Fig. 1) ; there was a major peak with a retention time of 25 min preceded by seven medium-sized peaks. The sample from X . campestris IF0 13551 contained different compounds, which were eluted later in broad peaks. The retention times of the seven peaks coincided with those of sophoro-octaose (DP8) to sophorotetradecaose (DP14), but the retention time of the major peak was distinct from that of sophoropentadecaose (DP15), although the positions of the two were very similar. Several peaks corresponding to sophorohexadecaose (DP 16) and higher sophorosaccharides (up to about DP20) were observed. To obtain further information on the structure of the low-M, neutral fractions, we collected the two fractions indicated by bars in Fig. 1 (c) (3312-A and 3312-B) , measured their specific optical rotation ([a]&0) and performed methylation analysis (Table 3 ). The low [a]&0 values ( -0.75" and -3.75") indicate that P-glycosidic linkages predominated in both fractions. Fraction 33 12-A contained no 2,3,4-tri-0-methyl-~-glucose derived from (1+6)-linked Dglucosyl residues and the ratio of 3,4,6-tri-0-methyl-~-glucose to 2,3,4,6-tetra-O-methyl-~-glucose was 11.1. Thus this fraction consisted of p-(1+2)-linked D-glucosaccharides with an average DP of 12. The methylated sugars in fraction 3312-B were 3,4,6-tri-0-methyl-~-glucose and 2,3,4-tri-0-methyl-~-glucose in a ratio of 14.8 : 1. The small amount (0.6%) of tetra-0-methyl-D-glucose in this fraction may have been derived from sophoropentadecaose (DP 1 9 , expected to be present as a contaminant. The absence of a non-reducing terminal suggested that this glucan had a cyclic structure. Also a reducing terminal was not detected after reduction of this fraction with NaBH,, followed by acid hydrolysis and GLC analysis. These results strongly support the idea that fraction 3312-B consisted of a cyclic P-D-glucan composed of one (1-6)-linked glucosyl and 15 (1+2)-linked glucosyl residues.
The lH-NMR spectrum of fraction 3312-B (Fig. 2) shows the presence of a doublet signal at 5.13 p.p.m. (Fig. 3) . In the spectrum signals derived from C-3 and C-5 of an or-D-glucosyl residue can be seen at 74-6 p.p.m. There is a signal at 76.3 p.p.m. derived from a C-2 that is not part of a glucosyl bond, and another at 70.3 p.p.m. from a C-6 participating in a glucosyl bond. The C-6 assignment was confirmed by a nonselective polarization transfer (INEPT) technique, showing the characteristic, CH2 negative signal (Fig. 3) . Thus, from methylation and reducing-terminal analyses and NMR spectrometry we concluded that the glucan of fraction 3312-B was an unbranched cyclic (1+2)-B-D-glUCan with DP16 containing one or-D-glucosyl residue and one (1-+6)-linked D-glUCOSY1 residue.
Characterization of the low-M, neutral fractions from strains of E. coli and K . pneumoniae The low-M, neutral fractions from the five strains of E. coli were subjected to HPLC on an NH,-bonded silica column. The samples from strains I F 0 3044, I F 0 3806 and K12 gave similar elution patterns with several peaks (Fig. 4a , data for strain I F 0 3806 only). The samples from strains I F 0 12433 and I F 0 13500 also gave similar chromatograms to that shown in Fig. 4(a) , although overlapping broad peaks of some other compounds were present.
On a reversed-phase ODS column the preparation from strain I F 0 3806 gave more than 10 peaks (Fig. 4b) , although only four were obtained on the NH,-bonded silica column. The seven fractions indicated by bars (fractions 3806-A to 3806-G) were collected. Fraction 3806-A did not contain sugar as determined by the phenol/H,SO, reagent (Dubois et al., 1956 ). The retention times of fractions 3806-B and -C on the NH2-bonded silica column were identical with those of peaks 1 and 2, respectively, in Fig. 4(a) ; the retention times of fractions 3806-E and -F were both identical with that of peak 3. Although fractions 3806-D appeared as a single peak in the effluent from the ODS column, it separated into two peaks with the retention times of peaks 2 and 3 on the NH2-bonded silica column. Fraction 3806-G apparently gave two peaks on the ODS column, but only one, peak, corresponding to peak 4, on the NH2-bonded silica column. Thus, the four peaks in the effluent from the NH2-bonded silica column (Fig. 4a) contained at least eight different compounds. The six saccharide fractions from the ODS column were each methylated and the methylated sugars were analysed by GLC ( Table 4 ). The data show that the fractions were composed of terminal D-glucosyl and (1+2)-linked D-glucosyl residues with branching D-glucosyl residues at 0-6, except fraction 3806-B, which had no branch point.
The DPs of these glucosaccharides determined by reducing-end analysis were 7 for fraction 3806-B and 11 to 14 for the other fractions ( Table 5) . These DPs are similar to those estimated by methylation analysis (Table 4) , the slight differences probably being due to heterogeneity of the samples, especially fraction 3806-D ( Table 5) . The 'H-NMR spectra of the six samples demonstrated that the glucosidic linkages in the saccharides were all p (data not shown). The numbers of branch points per molecule were one for fraction 3806-C, two for fractions 3806-D and -E, and three for fractions 3806-F and -G.
Five samples of the low-M, neutral fractions from K. pneumoniae were analysed by HPLC. The elution profile of the samples from strain I F 0 3321 (Fig. 4c) was superimposable on those of sophorosaccharides obtained by partial acid hydrolysis of cyclic (1+2)-P-~-glucan of Agrobacterium radiobacter I F 0 12665. The first peak corresponded to sophorohexaose (DP6), whereas the last detectable peak corresponded to DP22. When the sample was mixed with a partial hydrolysate of cyclic (1+2)-P-D-glUCan and injected on the column, the peaks of the two samples coincided exactly. Moreover, the methylated sugars from the sample of strain I F 0 3321 were those from unbranched (1+2)-linked D-glucosaccharides (Table 2) . Thus, the low-M, neutral fraction of strain I F 0 3321 was confirmed to be composed of a mixture of linear sophorosaccharides with DPs of 6 to about 22.
The elution profiles of the low-M, neutral fractions from the other K. pneumoniae strains (IF0 3317, 3318, 3319 and 3512) were similar to those of the low-M, neutral fraction of E. coli strains (data not shown). Only the low-M, neutral fraction of E. coli I F 0 3806 was studied in detail, but the preparations from the other strains of E. coli and K . pneumoniae might be expected to consist of the same family of oligo-or low-M, polysaccharides, judging from the data obtained by methylation analysis and the patterns on HPLC, i.e. a mixture of several (1+2)-p-Dglucosaccharides of similar molecular sizes with branching at 0-6. The preparations may differ in their extents of branching and the distribution of molecular sizes.
DISCUSSION
Of the 33 strains of Gram-negative bacteria tested, 15 strains of X. campestris, 'X. phaseofi', ' X . oryzae', E. coli and K . pneumoniae produced a mixture of extracellular oligosaccharides and/or polysaccharides, which contained mainly or exclusively (1+2)-~-D-glucosidic linkages in their low-M, neutral fractions.
The low-M, neutral fractions from strains of Xanthomonas contained a series of linear sophorosaccharides with DPs of 8 to about 20. These products were similar to those from strains of Acetobacter studied previously (Amemura et al., 1985) , although the DPs of sophorosaccharides in the latter strains were between 6 and about 40. However, a characteristic of the
